Karyotypic data are presented for two sympatric Corydoras species of the Lagoa Dourada, namely, C. ehrhadti and C. paleatus, which are found in the upper Tibagi river basin (Ponta Grossa, State of Paraná, Brazil). The same diploid number and karyotypic formula were observed in both species/populations. A great similarity in the constitutive heterochromatin distribution and in the activity of nucleolar organizer regions was also found. The use of in situ hybridization with a fluorescent 18S rDNA probe allowed for the identification of the species/populations through the location of ribosomal sites.
INTRODUCTION
The genus Corydoras (Callichthyidae) is widespread throughout South America, comprising approximately 142 recognized species (Reis, 1998) . According to Oliveira et al. (1992) , this genus encompasses five natural groups of species that present karyotypic and DNA content similarities. Vicariance events such as those that occurred in the costal basin are mechanisms that help explain the high interspecific diversity in this group (Weitzman et al., 1988) .
Karyotypic data and DNA content suggest an intense polyploidization process in the diversification and evolutionary history of this group (Oliveira et al., 1993a, b) . The diploid chromosome number varies from 2n = 40 in C. natterei (Oliveira et al., 1990) to 2n = 134 in C. aeneus (Turner et al., 1992) , while the nuclear DNA content varies from 1.04 0.09 pg in C. cf. simulatus to 8.75 1.50 pg in C. metae (Oliveira et al., 1992) .
In the present study, we investigated the karyotypic structure of C. ehrhardti and C. paleatus in a sympatric zone, especially in relation to the presence and location of the 18 S rDNA.
MATERIALS AND METHODS
The two species of fishes belonging to the genus Corydoras, C. ehrhardti and C. paleatus, found in the upper Tibagi river basin (Lagoa Dourada, Vila Velha State Park, Ponta Grossa, State of Paraná, Brazil, 50° 03' W, 25° 14' S) were cytogenetically studied (Fig. 1) . Figs. 2g and 2h depicts the specimens of analyzed Corydoras species.
Nine males and 10 females of C. ehrhardti and 12 males and 8 females of C. paleatus were subjected to karyotypic analyses. Chromosomal preparations were obtained by the "air drying" method (Bertollo et al., 1978) . Constitutive heterochromatin was verified according to the figure) . The C. ehrhardti and C. paleatus collection sites in the region of the upper Tibagi river (Lagoa Dourada, Ponta Grossa, Paraná, Brazil).
procedure described by Sumner (1972) and nucleolar organizer regions were detected by means of silver nitrate (Ag-NORs), according to Howell & Black (1980) . Fluorescent in situ hybridization (FISH) was used, following the procedure described by Pinkel et al. (1986) for rDNA mapping of the chromosomes. An 18S rDNA probe was used, which was obtained by PCR from nuclear DNA of Prochilodus affinis, using the primers NS1 5' -GTAGTCATATGCTTGTCTC -3' and NS8 5' -TCCGCAGGTTCACCTACGGA -3' (White et al., 1990) . The probe was labeled with 16-dATP biotin by nick translation, according to the manufacturer's specifications (Bionick Labeling System -Gibco BRL). The metaphase chromosomes were treated with RNAse (40 g/mL in 2 x SSC) at 37 °C for 1 h and with pepsin (0.005% in 10 mM HCl) at 37 °C for 10 min, after which they were denatured in formamide /2 x SSC 70% for 5 min. The hybridization solution was composed of formamide 50%, 2 x SSC, dextran sulfate (10%) and denatured probe. After overnight hybridization at 37 °C, the slides were washed in formamide 50% at 42 °C for 20 min and 0.1 x SSC at 60 °C for 15 min. The hybridization signals were detected by using conjugated avidin-fluorescein (FITC) and biotinilated anti-avidin antibody. The chromosomes were counterstained with propidium iodide (50 g/mL) and analyzed in an Olympus BX 50 epifluorescence microscope. The images of the chromosomal plates were captured using the software CoolSNAP-pro (Media Cybernetics).
The chromosomes were organized in metacentric (M) and submetacentric (SM), in decreasing order of size according to the arms relation (Levan et al., 1964) . The NF (chromosome arm number) was determined considering M/SM chromosomes having two arms and ST/A chromosomes having one arm, according to Oliveira et al. (1993a) .
RESULTS
The Corydoras species analyzed here (C. ehrhardti and C. paleatus) presented 2n = 4 chromosomes with a fundamental number (FN) of 88 and a karyotypic formula composed of 9 metacentric chromosome pairs and 13 submetacentric chromosome pairs (Table 1) . The first metacentric chromosome pair stands out for presenting much larger chromosomal elements than the other metacentric pairs. The karyotypes were homomorphic, with an absence of morphologically differentiated sex chromosomes in both species (Figs. 2a and 2d) .
The constitutive heterochromatin was distributed in large heterochromatic blocks in the pericentromeric region in homologous chromosomes between the two species, markedly in metacentric pair number 2 and in submetacentric pairs 10 and 13 (Figs. 2c and 2f). The silver-stained nucleolar organizer regions (Ag-NORs) were evident in a single metacentric pair in a terminal position of the long arm in C. ehrhardti and C. paleatus (Figs. 2b and 2e). The 18S rDNA fluorescent in situ hybridization confirmed the presence of these gene loci in a medium-sized metacentric pair, in a terminal position of the long arm comparable in both species studied here. Additionally, C. paleatus displayed a small submetacendtric chromosome marked in the long arm (Fig. 3) . A difference was found in the size of the ribosomal cistrons in the medium-sized metacentric pair between the two species, with C. paleatus presenting visibly larger cistrons.
DISCUSSION
According to Oliveira et al. (1992) , Corydoras comprises five groups of species presenting similar karyotypic and DNA content. C. ehrhardti and C. paleatus belong to the same karyotypic group, which occurs in the southeastern coastal region of Brazil (Oliveira et al., 1993a) . When found in the coastal zone, the sympatric occurrence of Corydoras species always points to the presence of species belonging to distinct karyotypic groups, possibly as a result of polyphyletic evolution (Oliveira et al., op. cit.) . This paper offers the first description of the sympatric occurrence of two Corydoras species belonging to the same karyotypic group. In the region of Ponta Grossa (Paraná, Brazil) where the C. ehrhadti and C. paleatus specimens were collected, the Lagoa Dourada is part of the Tibagi river basin, located in the second plateau of the State of Paraná in the continental interior. Therefore, in the case of Corydoras, the special conditions of vicariance and costal species distribution proposed by Weitzman et al. (1988) must be considered only for the coastal region, whereas in the continental interior, the current species distribution should represent more complex historical speciation events and biogeography, especially considering that C. ehrhadti does not engage in reproduction migration, while C. paleatus migrates short distances (Winemiller, 1989; Burgess, 1989) .
Our karyotypic analysis of C. ehrhadti and C. paleatus from the upper Tibagi river region (Ponta Grossa, Paraná State, Brazil) revealed considerable similarities of the karyotypic macrostructure (18M + 26SM, Fig. 2 ) with other populations of this species. However, slight alterations in the karyotypic formula should be treated as a consequence of chromosome pairing adjustment and/or allopatric speciation processes. On the other hand, this evidence does not interfere with our conclusion that these species probably make up a monophyletic branch with a common ancestor in the genus.
The distribution of constitutive heterochromatin is a powerful populational marker for these species. The C. ehrhardti and C. paleatus Braz. J. Biol., 66(1B): 191-198, 2006 populations analyzed in this study present conspicuous heterochromatic pericentromeric bands in comparable chromosomes, as verified in pairs number 2 (metacentric), 10 and 13 (submetacentrics) (Figs. 2c and 2f) . In other cases, these bands are highly variable, as in the C. paleatus populations studied by Oliveira et al. (1993a) . In the population of the Curitiba region (State of Paraná, Brazil), the heterochromatin appeared in small blocks but was more distributed among the chromosomes of the karyotypic complement, while in the population of Rio Grande (State of Rio Grande do Sul, Brazil), the heterochromatin was found in large heterochromatic blocks, albeit restricted to fewer chromosomes (Oliveira et al., op. cit.) .
In this study, contrary to expectation, the C. paleatus population presented a similar karyotype to the one found by Oliveira et al. (1993a) for the C. paleatus population of Rio Grande do Sul, differentiated from the Curitiba population, which is geographically closer to the population under study (Lagoa Dourada, city of Ponta Grossa, upper Tibagi river region). Although the C. paletus population of the Dourada Lagoon is more similar to the Rio Grande population, these populations also display minor karyotypic differences, especially in their karyotypic formula (Rio Grande = 22M + 22SM; Ponta Grossa = 18 M + 26SM). Since the fundamental number remains the same (FN = 88), this karyotypic diversification may be attributed to non-Robertsonian chromosome rearrangements. This is yet another indication reinforcing the notion of fixation of chromosome rearrangements in isolated populations, as has been recorded for other Neotropical fish species such as Hoplias malabaricus (Bertollo et al., 2000) and Astyanax scabripinnis (Moreira Filho & Bertollo, 1991) .
The C-banding in C. ehrhadti also provides interesting information. The population analyzed here and the one from Jaraguá do Sul (State of Santa Catarina, Brazil) studied by Oliveira et al. (1993a) showed clear differences with regard to the karyotypic distribution of the constitutive heterochromatin. While the first submetacentric pair appears with large heterochromatic blocks in the population of this study, the Jaraguá do Sul population presents no such markings in this chromosome pair.
More consistent differences between the karyotypes of the Corydoras species analyzed here and those studied by Oliveira et al. (1993a) can be pointed out regarding the presence and activity of the nucleolar organizer regions (NORs). In their analyses, Oliveira et al. (op. cit.) found silver-stained NORs varying from one to two pairs in C. ehrhadti and from one to three pairs in C. paleatus. In the present work, comparable Ag-NORs were evident in only one metacentric chromosome pair in both C. ehrhardti and C. paleatus, which were prominent in the terminal region of the long arm (Figs. 2b and 2e ). This indicates that these populations do not possess multiple Ag-NORs or at least that they were not active in the preceding interphase. Much heterogeneity has been observed in the detection of NOR numbers and sizes in fish. Especially among the siluriforms, cases of simple NORs (one pair only) have been recorded, as well as in some Pimelodidae (Dias & Foresti, 1993; Fenocchio, 1993; Fenocchio & Bertollo, 1992a) , Ageneiosidae (Fenocchio & Bertollo, 1992b) and in Doradidae species . On the other hand, a few cases are more heterogeneous, with species presenting one or more NOR pairs (multiple NORs), as in the case of some Callichythiidae (Oliveira et al., 1988; Oliveira, 1991; Porto & Feldberg, 1992) and Loricariidae species (Artoni & Bertollo, 2001 ).
Adding to the results obtained through silver staining to reveal the activity of the nucleolar organizer regions in the two Corydoras species studied here, fluorescent in situ hybridization (FISH) with an 18 S rDNA probe evidenced the presence of multiple NOR sites in C. paleatus, contrary to C. ehrhadti, which presented only one chromosome pair with a hybridization signal (Fig. 3) . This is the most consistent diagnostic karyotypic evidence resulting from the analysis of the sympatric species C. ehrhardti and C. paleatus of the upper Tibagi river.
FISH with rDNA probes has helped detect the presence of inactive NORs in fish chromosomes in different cases, such as in the association of NORs and sex chromosomes (Artoni & Bertollo, 2002) and in cases of multiple silent loci (Centofante et al., 2003) .
The considerable variation in NOR number and position observed among species and populations of Corydoras indicates that more detailed studies are extremely important for the karyotypic analysis and description of the species, due to the possible phenotypic effects and adaptive values resulting from this variability.
The slight karyotypic divergence established between the two analyzed species confirms the high degree of kinship they share. However, the fixation of structural polymorphisms and of gene activity point to the accumulation of slight karyotypic differences between the populations analyzed here and those described in the literature, so that the former do not seem to form interspecific hybrids when found in sympatry.
